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The conundrum of distinguishing cause from effect in 
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Inequity in science budgets in relation to the global burden of childhood 
undernutrition. Although more than $70 billion are spent on health 
research and development by the public and private sectors each year, 
only an estimated 10% of this is used for research into 90% of the 
global burden of disease. For example, the amount of money spent 
on research into nutritional topics is far exceeded by the extent of the 
problem, which is responsible for 10%–20% of all lost DALYs globally. 
In these maps, countries are resized according to the prevalence of the 
indicator illustrated. Reproduced with permission from Worldmapper 
(http://www.worldmapper.org).
Figure 2
Differing pathophysiological responses to nutrient depletion. Nutritional 
deficiencies can be categorized as Type I or Type II according to the 
physiological responses of the body to dietary deficiency. In Type I 
deficiencies, growth continues in children, eventually resulting in tis-
sues becoming depleted in the nutrient, leading to metabolic dysfunc-
tion and consequent ill health. As the illness has characteristic signs 
and symptoms, the deficient nutrient can be identified and remedied. 
With Type II nutrient deficiency, the response is for the body to stop 
growing and repairing tissue to conserve the nutrient, or even to break 
down its own tissues to make the nutrient available. Other Type II nutri-
ents are lost in the process. No characteristic signs or symptoms dif-
ferentiate one Type II nutrient deficiency from another, and detecting 
deficiency is complex. It is therefore almost impossible to determine 
which nutrient is causing the growth failure.
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Influence of malnutrition on hospital case fatality rates for various diseases. Malnutrition is rarely identified as a specific cause of mortality, but it is 
an underlying contributory factor in at least one third of child deaths in developing countries. Depicted here are hospital case fatality rates from chil-
dren admitted to Gambian hospitals with various primary diagnoses. The children analyzed were all malnourished, i.e., had low weight-for-height 
(WFH). As shown, the extent of malnutrition (WFH z score < –4 being the most severely malnourished) correlates with the chance of an adverse 
survival outcome in most diseases. WFH z score < –4, patients who are more than 4 standard deviations below the mean WFH; WFH z score = –3 
to –4, patients who are 3–4 standard deviations below the mean WFH; WFH z score = –2 to –3, patients who are 2–3 standard deviations below 
the mean WFH; WFH z score > –2, patients who are less than 2 standard deviations below the mean WFH. Data collated by Man et al. (12).
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Optimizing nutritional status — a delicate and dynamic balance 
between the host and its pathogens. The optimal level for any indi-
vidual’s nutrient status is determined by a complex web of interacting 
parameters including their genetic background, environmental expo-
sures, and interactions with other nutrients. In developing countries, 
and for certain nutrients (especially iron), host-pathogen competition 
for the nutrient adds an extra layer of complexity. Attempts to increase 
iron status conflict with the likelihood that excess iron might precipi-
tate infections. The figure indicates that the optimum level (indicated 
by the nadir in the curve) varies according to host genotype (e.g., 
resistance factors involved in nutrient handling) and the genotypes of 
various pathogens (e.g., mechanisms of iron sequestration and con-
sequent responses). By removing pathogen threats, as has largely 
been achieved in developed countries, it becomes possible to safely 
increase the optimum level of nutrient status with a view to improving 
cognitive and developmental outcomes.
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